INTRODUCTION {#SEC1}
============

In eukaryotes, mRNA turnover has three well-established roles of biological significance; (i) control of gene expression, (ii) mRNA quality control and (iii) antiviral defense. Cumulative evidence by recent transcriptome analyses has revealed that the mRNA turnover greatly contributes to the level of gene expression ([@B1]). In general, mRNA is degraded by the deadenylation-dependent 5′ to 3′ exonucleolytic decay pathway ([@B2],[@B3]), in which deadenylation is the first and rate-limiting step in the decay of mRNA ([@B4],[@B5]), and therefore, constitutes one of the most efficient steps for the control of gene expression. We have previously reported that mRNA decay is triggered by translation termination and proposed a model for the initiation of mRNA decay: after translation termination, the termination factors eRF1--eRF3 dissociate from PABP bound to the 3′ poly(A) tail, and in turn, Pan2--Pan3 and Caf1--Ccr4 deadenylases associate with PABP, which leads to the activation of the deadenylases and shortening of the poly(A) tail ([@B6],[@B7]). Consistent with this model, recent studies demonstrated that mRNAs are degraded co-translationally ([@B8],[@B9]).

In addition to the turnover of normal mRNA, mRNA decay plays key roles in mRNA quality control that recognizes and degrades aberrant mRNAs. The most well-studied quality control mechanism is nonsense-mediated mRNA decay (NMD). NMD is a surveillance mechanism that accelerates degradation of mRNAs with premature termination codons (PTCs) (for review see ([@B10],[@B11])). When the translating ribosome reaches the PTC, the termination factors eRF1--eRF3 in complex with Upf1 recognize the termination codon at the A site of the ribosome to trigger endo- and exo-nucleolytic degradation of the message ([@B12]). mRNA lacking in-frame termination codons is eliminated by nonstop mRNA decay (NSD) ([@B13],[@B14]). As nonstop mRNA is translated, the ribosome enters the 3′ poly(A) tail of the mRNA and stalls at the 3′ end. In this case, other members of the translation termination factor family, Ski7 and/or Hbs1 in complex with Dom34, recognize the empty A site of the ribosome and recruit exosomes to degrade the mRNA ([@B14]). Furthermore, mRNA with the structural propensity to cause the ribosome to stall is eliminated by no-go decay (NGD). Hbs1--Dom34 enters the A site of the stalled ribosome and triggers endonucleolytic cleavage of the mRNA ([@B17]). The mechanism of NGD is characterized in yeast but not in mammals. It is noteworthy that irrespective of whether the mRNA is normal or aberrant, cellular mRNA is co-translationally degraded and members of the translation termination factor family play central roles in the initiation of mRNA decay.

On the other hand, mRNA decay plays pivotal roles in innate immunity by eliminating exogenous viral and bacterial mRNAs. In mammals, the canonical 2′-5′-oligoadenylate synthetase (OAS)/RNase L system has been established as a major antiviral defense mechanism ([@B18]). OAS/RNase L constitutes an innate immune system that responds to dsRNA, a pathogen-associated molecular pattern, to induce degradation of viral RNAs. In response to the dsRNA, OAS converts ATP to produce an unusual series of 2′-5′ oligoadenylates (2--5A), which act as a second messenger to trigger dimerization and activation of latent RNase L. RNase L endonuclease cleaves viral single-stranded RNA to limit viral replication ([@B19],[@B20]). Although the OAS/RNase L system has been extensively investigated since its discovery in 1970s ([@B21]), an important question as to how the OAS/RNase L system selectively recognizes and discriminates exogenous RNA from cellular RNA to be eliminated ([@B26]) has yet to be elucidated.

Here, we show that a surveillance system involving Dom34 discriminates exogenous mRNA in a manner dependent on translation. Dom34 binds to form a complex with RNase L and recruits it to exogenous mRNAs, which leads to the rapid decay of the exogenous mRNAs. Our results provide an answer to the long-standing question as to how exogenous mRNA is discriminated from cellular mRNA and selectively targeted for degradation.

MATERIALS AND METHODS {#SEC2}
=====================

Plasmids {#SEC2-1}
--------

To construct pUC18-EMCV-Rbz-R16D and pUC18-EMCV-(1--1B)-Rbz, the corresponding regions of pUC18-EMCV-Rbz ([@B29]) were amplified by inverse PCR using the primer pair KN030/KN032 and KN34/KN42, respectively, and pUC18-EMCV-Rbz as a template. pBK-5F-EGFP, a template for *in vitro* synthesis of mRNA, was constructed as follows. EGFP cDNA was PCR amplified using the primer pair NH733/NH732 and pCMV-5×Flag-EGFP ([@B30]) as a template, and inserted into XhoI and EcoRI sites of pBluscript II SK(--) (Agilent Technologies) to construct pBK-5×Flag-EGFP. β-globin 3′-UTR that contains 72 nts poly(A) tail was then PCR amplified using the primer pair NH734/NH770 and pFlag-CMV/TO-BGG ([@B6]) as a template, and inserted into EcoRI and BamHI sites of pBK-5×Flag-EGFP. pBK-EGFP (1--87) control and ATG mt, templates for *in vitro* synthesis of mRNA, were constructed as follows. Firstly, pBK-5F-EGFP-2 was constructed by inverse PCR using the primer pair TN0024/TN0025 and pBK-5F-EGFP as a template. Secondly, to construct pBK-EGFP (1--30), the corresponding region of EGFP (1--30) cDNA was PCR amplified using the primer pair TN0022/TN0023 and pEGFPc1 (Clontech) as a template, and inserted into XhoI and XbaI sites of pBK-5F-EGFP-2. Thirdly, pEGFPc1 (D37 silent mt) was constructed by inverse PCR using the primer pair TN0029/TN0030 and pEGFPc1 as a template. Finally, the corresponding region of EGFP (1--87) cDNA and EGFP (1--87) ATG mt cDNA were PCR amplified using the primer pair TN0026/TN0031 and TN0022/TN0031, respectively, and pEGFPc1 (D37 silent mt) as a template, and inserted into XhoI and EcoRI sites of pBK-EGFP (1--30) pA. To construct pUC18-Rbz-IRES, the corresponding region of IRES cDNA was amplified by inverse PCR using the primer pair TN0088/TN0089 and pUC18-Rbz-EMCV as a template. To construct pUC18-IRES-5F-EGFP-EMCV-UTR, EGFP cDNA was PCR amplified using the primer pair M13+/TN0091 and pBK-5F-EGFP as a template, and inserted into XhoI and NotI sites of pUC18-Rbz-IRES. To construct pUC18-IRES-5F-EGFP-BGG-UTR, EGFP cDNA was PCR amplified using the primer pair M13+/M13-- and pBK-5F-EGFP as a template, and inserted into XhoI and NotI sites of pUC18-Rbz-IRES. pCMV-TO-5×Flag-EGFP was constructed as follows. pCMV-TO-β-globin 3′-UTR was amplified by inverse PCR using the primer pair TN0094/TN0095 and pFlag-CMV/TO-BGG as a template. 5×Flag-EGFP cDNA was then PCR amplified using the primer pair TN0092/TN0093 and pBK-5F-EGFP as a template, and inserted into XbaI and SalI sites of pCMV-TO-β-globin 3′-UTR. To construct pCMV-5×Flag-Dom34 and pCMV-5×Myc-Dom34, cDNA encoding Dom34 was PCR amplified using the primer pair NH0275/NH0276 and pFlag-Dom34 ([@B16]) as a template, and inserted into EcoRI site of pCMV-5×Flag ([@B31]) and pCMV-5×Myc ([@B30]), respectively. To construct pCMV-5×Flag-RNase L, cDNA encoding RNase L was amplified by RT-PCR using the primer pair YH033/YH034 and HeLa total RNA as a template, and inserted into EcoRI and EcoRV sites of pCMV-5×Flag. To construct pCMV-5×Myc-RNase L, pCMV-5×Flag-RNase L was digested by EcoRI and XhoI, and the resulting fragment was inserted into EcoRI and XhoI sites of pCMV-5 ×Myc. To construct pCMV-5 × Flag-eRF1, cDNA encoding eRF1 was PCR amplified using the primer pair NH0592/NH0593 and pFlag-eRF1 ([@B32]), and inserted into EcoRI and XhoI sites of pCMV-5×Flag. To construct pCMV-5×Flag-RNase L Y312A, the corresponding region of RNase L cDNA was amplified by inverse PCR using the primer pair TN0047/TN0048 and pCMV-5×Flag-RNase L as a template. To construct pCMV-5×Myc-PABPC1, cDNA encoding PABPC1 was PCR amplified using the primer pair NH0347/NH0348 and pGEX6P1-PABP ([@B33]) as a template. The resulting fragment was digested with BamHI and SalI, and inserted into pCMV-5×Myc. To construct pCMV-5×Myc-OAS3, cDNA encoding OAS3 was amplified by RT-PCR using the primer pair TN0060/TN0061 and HeLa total RNA as a template, and inserted into Hindlll and EcoRV sites of pCMV-5×Myc. To construct pCold-OAS3 (743--1087 a.a.), the corresponding region of OAS3 (743--1087 a.a.) cDNA was amplified by PCR using the primer pair TN0081/TN0062 and pCMV-5×Myc-OAS3 as a template, and inserted into Hindlll and XbaI sites of pCold-I (TAKARA). pCold-S2-PF was constructed by inverse PCR using the primer pair NH0804/NH0805 and pCold-ProS2 (TAKARA) as a template. pCold-S2-PM was constructed by inverse PCR using the primer pair NH0876/NH0877 and pCold-ProS2 (TAKARA) as a template. To construct pCold-S2-Flag-RNase L, pCMV-5×Flag-RNase L was digested by EcoRI and XhoI, and the resulting fragment was inserted into EcoRI and SalI sites of pCold-S2-PF. To construct pCold-S2-Myc-Dom34, cDNA encoding Dom34 was PCR amplified using the primer pair NH0275/NH0276 and pFlag-Dom34 ([@B16]) as a template, and inserted into EcoRI site of pCold-S2-PM. The 5×Flag epitope tagging donor against endogenous RNase L gene (p5×Flag-RNase L-Donor) was constructed as follows. Firstly, to construct pP2A, a self-cleaving P2A sequence was generated by hybridization of oligonucleotides TN0184/TN0185, and the resulting fragment was inserted into EcoRI and EcoRV sites of pBluscript II SK(--). Secondly, to construct pP2A-5F, 5×Flag epitope tag was PCR amplified using the primer pair TN0166/CMV6 and pCMV-5×Flag as a template, and the resulting fragment was inserted into EcoRV and HindIII sites of pP2A. Thirdly, to construct pPuro-P2A-5F, Puromycine resistance gene was PCR amplified using the primer pair TN0189/TN0192 and AAVS1_Puro_PGK1_3×FLAG_Twin_Strep (Addgene plasmid \# 68375) as a template, and the resulting fragment was inserted into EcoRI and BamHI sites of pPuro-P2A-5F. Fourthly, to construct p5arm-Puro-P2A-5F, the 5′ homology arm was PCR amplified using the primer pair TN0205/TN0206 and HeLa genome as a template, and the resulting fragment was inserted into XbaI and BamHI sites of pPuro-P2A-5F. Finally, to construct p5×Flag-RNase L-Donor, the 3′ homology arm was PCR amplified using the primer pair TN0207/TN0208 and HeLa genome as a template, and the resulting fragment was inserted into XhoI and KpnI sites of p5arm-Puro-P2A-5F. To construct pgRNA-RNase L expressing sgRNA, inverse PCR was performed using gRNA_AAVS1-T2 (Addgene plasmid \# 41818) and the primer pair TN0231/TN0232. hCas9 was a gift from Dr George Church (Addgene plasmid \# 41815), AAVS1_Puro_PGK1_3×FLAG_Twin_Strep was a gift from Dr Yannick Doyon and gRNA_AAVS1-T2 was a gift from Dr George Church through Addgene. Primer sequences are listed in Table [1](#tbl1){ref-type="table"}.

###### 

Primers used in this study

  Name     Sequence
  -------- -------------------------------------------------------------------------------------------
  CMV6     5′-ATTCTAGTTGTGGTTTGTCC-3′ (antisense)
  GEX-R    5′-TTCCCAGTCACGACGTTGTAA-3′ (antisense)
  KN22     5′-ACAGACCTTGCATTCCTTTGGCGA-3′ (antisense)
  KN23     5′-AGAGGAACTGCTTCCTTCACGACA-3′ (antisense)
  KN24     5′-CAGACGTTGTTTGTCTTCAAGAAGC-3′ (antisense)
  KN25     5′-TTGTTGAATACGCTTGAGGAGAGC-3′ (antisense)
  KN30     5′-GATAAAACAGCACTACGCCCCACCGTT-3′ (sense)
  KN32     5′-TGGTACGTGAATACGGGGCCCATC-3′ (antisense)
  KN34     5′-TAGTAGTGTAGTCACTGGCACAAC -3′ (sense)
  KN42     5′-CTGTCTAGAAAGTGTCTCATG-3′ (antisense)
  M13+     5′-GTAAAACGACGGCCAGTGAGC-3′ (sense)
  M13-     5′-AACAGCTATGACCATGATTAC-3′ (antisense)
  NH0208   5′-CTTATCGTCGTCATCCTTGTAATC-3′ (sense)
  NH0273   5′-TTCGAATTCATGGCCCGGCATCGGAATGTT-3′ (sense)
  NH0275   5′-TCCGAATTCATGAAGCTCGTGAGGAAGAAC-3′ (sense)
  NH0276   5′-GGCGAATTCTTAATCCTCTTCAGAACTGGA-3′ (antisense)
  NH0347   5′-TAGCGGATCCATGAACCCCAGTGCCCCCAG-3′ (sense)
  NH0348   5′-CCCTGAGTCGACTTAAACAGTTGGAACACC-3′ (antisense)
  NH0406   5′-ACAGTAGAGCTCTCCCCTATACTAGGTTAT-3′ (sense)
  NH0592   5′-GGCGAATTCATGGCGGACGACCCCAGTGC-3′ (sense)
  NH0593   5′-GTCCTCGAGCTAGTAGTCATCAAGGTCA-3′ (antisense)
  NH0732   5′-ATCGAATTCAAGCTTAGTACAGCTCGTCCATGCC-3′ (antisense)
  NH0733   5′ -ACCCTCGAGCCCACCATGGCATCAATGGAT-3′ (sense)
  NH0734   5′-CTTGAATTCGATATCGTCGACGCTCGCTTTCTTGCTGTCCAATTTCT-3′ (sense)
  NH0770   5′-GTCTCT(72)CTAGACATCATTGCAATGAAAA-3′ (antisense)
  NH0804   5′-GATGACGACGATAAGGGATCCGAATTCAAGCTTGTC-3′ (sense)
  NH0805   5′-CTTGTAATCCAGGGGCCCCTGGAACAGAACTTCCAG-3′ (antisense)
  NH0849   5′-GCCGTTTACGTCGCCGTCCAGCTC -3′ (antisense)
  NH0850   5′-GATGAACTTCAGGGTCAGCTTGCC -3′ (antisense)
  NH0876   5′-TCAGAGGAGGACCTGGGATCCGAATTCAAGCTTGTC -3′ (sense)
  NH0877   5′-GATCAGCTTCTGCAGGGGCCCCTGGAACAGAACTTCCAG -3′ (antisense)
  NH0956   5′-GGTGAAGGTCGGAGTCAACG -3′ (sense)
  NH0957   5′-TGGGTGGAATCATATTGGAA -3′ (antisense)
  TN0016   5′-CTCATTGTAGAAGGTGTGGTGCCA-3′ (antisense)
  TN0017   5′-AGGCGTACAGGGATAGCACAGCCT-3′ (antisense)
  TN0018   5′-GAGGATCTTCATGAGGTAGTCAGT-3′ (antisense)
  TN0019   5′-TTGCGGATGTCCACGTCACACTTC-3′ (antisense)
  TN0022   5′-GACCTCGAGATCGTGAGCAAGGGCGAGGAG-3′ (sense)
  TN0023   5′-GCCTCTAGAGATATCGAATTCAAGCTTACACGCTGAACTTGTGGCCGTT-3′ (antisense)
  TN0024   5′-ACCGCGGTGGAGCTCCAGCTT-3′ (sense)
  TN0025   5′-GCTCTTGAACTAGTGGATCGT-3′ (antisense)
  TN0026   5′-GACCTCGAGATGGTGAGCAAGGGCGAGGAG-3′ (sense)
  TN0027   5′-GAACAGCTCCTCGCCCTTGCTCAC -3′ (antisense)
  TN0029   5′-GCCACCTACGGCAAGCTGACC-3′ (sense)
  TN0030   5′-GCCACCTACGGCAAGCTGACC-3′ (sense)
  TN0031   5′-TTCGAATTCTTAGGACTTGAAGAAGTCGTGCTGCTTCCCGTGGT-3′ (antisense)
  TN0047   5′-GCCGACCATTCCCTTGTGAAGGTT-3′ (sense)
  TN0048   5′-ATTCCGCCTCGCTGTCATAACAAG-3′ (antisense)
  TN0060   5′-CGGAAGCTTATGGACTTGTACAGCACCCCG-3′ (sense)
  TN0061   5′-ATCTCACACAGCAGCCTTCACTGG-3′ (antisense)
  TN0062   5′-TTCTCTAGATCACACAGCAGCCTTCACTGG-3′ (antisense)
  TN0081   5′-TGGAAGCTTATGCCAGCCCTCCTTTACCAA-3′ (sense)
  TN0088   5′-CTCCTCGAGCATGGTTGTGGCCAT-3′ (antisense)
  TN0089   5′-TAGGCGGCCGCTAGTGTAGTCACTGGCAC -3′ (sense)
  TN0091   5′-CGAGCGGCCGCTTAGTACAGCTCGTCCATG-3′ (antisense)
  TN0092   5′-CACTCTAGAGCGAATTGGGTACCGGGCCCC-3′ (sense)
  TN0093   5′-AGCGAGCGTCGACGATATCGA-3′ (antisense)
  TN0094   5′-TCTGACGGTTCACTAAACTCTAGAGATCTC-3′ (antisense)
  TN0095   5′-TAAGTCGACTTTCTTGCTGTCCAATTTCTA-3′ (sense)
  TN0166   5′-ACCGATATCGCCACCATGGCATCAATGGAT-3′ (sense)
  TN0172   5′-GCGCCCCACCAAGCTCAAGA-3′ (sense)
  TN0173   5′-GCTCCCTCGCTCCCAAGCAT-3′ (antisense)
  TN0174   5′-ACCCGAACAGTTCCCCCTGGT-3′ (sense)
  TN0175   5′-ACAAGGGTACCATCGGAGTTGCC -3′ (antisense)
  TN0176   5′-TGCTGCCAGCCTTTGACGCC -3′ (sense)
  TN0177   5′-TTCGCCCGCATTGCTGTAGCTG-3′ (antisense)
  TN0184   5′-AATTCGGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTGAT-3′ (sense)
  TN0185   5′-ATCAGGTCCAGGGTTCTCCTCCACGTCTCCAGCCTGCTTCAGCAGGCTGAAGTTAGTAGCTCCGCTTCCG -3′ (antisense)
  TN0189   5′-TCTGAATTCGGCACCGGGCTTGCGGGTCAT-3′ (antisense)
  TN0192   5′-GGCGGATTCACCGAGTACAAGCCCACGGTG -3′ (sense)
  TN0205   5′-CGGCCGCTCTAGAACTAGTGGCACAGGGTTGTACAAAGAGGACA-3′ (sense)
  TN0206   5′-GCTTGTACTCGGTGGATCCCATGACGGTAAATGCCACCTGCTAC-3′ (antisense)
  TN0207   5′-CGATACCGTCGACCTCGAGGAGAGCAGGGATCATAACAACCCCC-3′ (sense)
  TN0208   5′-ATTGGGTACCGGGCCCCCCCTTCAGCAGGAGGGTGAAAATCTTC-3′ (antisense)
  TN0231   5′-GACGGTAAATCGGTGTTTCGTCCTTTCCAC-3′ (antisense)
  TN0232   5′-ATGGAGAGCAGTTTTAGAGCTAGAAATAGC-3′ (sense)
  TN0235   5′-TAAATTAGAGACAATTTGAAC-3′ (sense)
  TN0238   5′-TGTGCCACGCTTGCTAATGAT-3′3′ (antisense)
  TN0241   5′-GCCGAAAACCCGGTATCCCGGGTTCTTAAAACAGCCTGTGGGTT-3′ (sense)
  TN0242   5′-CTTTCGGCCTCATCAGTTAAAACACCCTATAGTGAGTCGTATTA-3′ (antisense)
  TN0243   5′-AACAACCTGTCAATTGTCACC-3′ (antisense)
  TN0244   5′-AATTTACCTGGGTCTTGAGTG -3′ (antisense)
  TN0280   5′-GGTTGTGGTAATGTTTGAGCG-3′ (antisense)
  YH033    5′-CTTGAATTCATGGAGAGCAGGGATCATAACAAC-3′ (sense)
  YH034    5′-ATCTCAGCACCCAGGGCTGGCCAACCC-3′ (antisense)

siRNA {#SEC2-2}
-----

siRNA sequences are listed in Table [2](#tbl2){ref-type="table"}.

###### 

siRNAs used in this study

  Name         Sequence
  ------------ -----------------------------------------
  Luciferase   5′-r(CGU ACG CGG AAU ACU UCG A)d(TT)-3′
  Dom34 \#1    5′-r(CAU CCA AGA GAA UGA GUA U)d(TT)-3′
  Dom34 \#2    5′-r(GCA GUG GGA UAG UGU GGU A)d(TT)-3′
  Dom34 \#3    5′-r(GCA GUG AAG ACC GAC AAC A)d(TT)-3′
  RNase L      5′-r(GCU GUU CAA AAC GAA GAU G)d(TT)-3′
  OAS3         5′-r(GAA GGA UGC UUU CAG CCU A)d(TT)-3′
  Ski2         5′-r(GGA GAU AGA CUU UGA GAA A)d(TT)-3′
  Mtr4         5′-r(GAG UCA AUA ACU GAA GAC U)d(TT)-3′
  Caf1         5′-r(CAU CUG GUA UCC AGU UUA A)d(TT)-3′
  Pan2         5′-r(GUC AAU GGC AGU GAU GAU A)d(TT)-3′
  Lsm1         5′-r(GGA CCG AGG UCU UUC CAU U)d(TT)-3′
  Dcp2         5′-r(CAU AUG GUG CAA UUA UUC U)d(TT)-3′
  Upf1         5′-r(GAU GCA GUU CCG CUC CAU U)d(TT)-3′
  ABCE1        5′-r(GAU UCU AGA AGA UGA CCU A)d(TT)-3′
  OAS1         5′-r(CUA CAG AGA GAC UUC CUG A)d(TT)-3′
  OAS2         5′-r(CGC UCU GAG CUU AAA UGA U)d(TT)-3′

*In vitro* mRNA synthesis {#SEC2-3}
-------------------------

EMCV--RNA, EMCV-R16D-RNA, EMCV-1B-RNA, IRES-5×Flag-EGFP-EMCV-UTR mRNA and IRES-5×Flag-EGFP-BGG-UTR mRNA were synthesized using the RiboMAX kit (Promega) according to the manufacturer\'s instructions. pUC18-EMCV-Rbz ([@B29]), pUC18-EMCV-Rbz-R16D, pUC18-EMCV-(1--1B)-Rbz and pUC18-IRES-5F-EGFP-EMCV-UTR that were linearized by SalI were used as templates for the *in vitro* synthesis of EMCV--RNA, EMCV-R16D-RNA, EMCV-1B-RNA and IRES-5×Flag-EGFP-EMCV-UTR mRNA, respectively. pUC18-IRES-5×F-EGFP-BGG- UTR that was linearized by BsmBI was used as a template for the *in vitro* synthesis of IRES-5×F-EGFP-BGG-UTR mRNA. 5×Flag-EGFP mRNA, EGFP (1--87) mRNA control and EGFP (1--87) mRNA AUG mt were synthesized using T7 RNA polymerase (TAKARA) according to the manufacturer\'s instructions. pBK-5F-EGFP, pBK-EGFP (1--87) control and pBK-EGFP (1--87) ATG mt that were linearized by BsmBI were used as templates for the *in vitro* synthesis of 5×Flag-EGFP, EGFP (1--87) mRNA control and EGFP (1--87) mRNA AUG mt, respectively. For the synthesis of mRNA whose 5′-terminus was modified with a cap structure, 3′-O-Me-m7G(5′)ppp(5′)G cap analog (New England Biolabs) was added during the T7 polymerase reaction. Following DNase I treatment, the synthetic RNAs were purified using a illustra MicroSpin G-25 column (GE Healthcare) or illustra MicroSpin S-400 HR column (GE Healthcare) and quantified using NanoDrop One (Thermo Fisher Scientific). The synthetic RNAs were further purified using denaturing gel to confirm that the RNA preparation contains no detectable dsRNA byproduct from the T7 polymerase reactions and results obtained using the synthetic RNAs were not due to the dsRNA contaminants ([Supplementary Figure S7](#sup1){ref-type="supplementary-material"}).

Cell culture and transfection {#SEC2-4}
-----------------------------

HeLa cells and T-REx HeLa cells were cultured in Dulbecco\'s modified Eagle\'s medium (Nissui) supplemented with 5% fetal bovine serum. Transfection of siRNA and *in vitro* transcribed RNA was performed using Lipofectamine 2000 (Invitrogen), Lipofectamine RNAi MAX (Invitrogen) or Lipofectamine MessengerMAX (Invitrogen) according to the manufacturer\'s instructions. Transfection of plasmid DNA was performed using Polyethyleneimine MAX (Polysciences) according to the manufacturer\'s instructions. Transfection of 2--5A was performed using Neon™ Transfection System (Invitrogen).

Preparation of a virus stock and viral titer determination {#SEC2-5}
----------------------------------------------------------

To prepare an EMCV stock, BHK-21 cells were infected with EMCV particles (strain Rueckert, GenBank accession no. [M81861](M81861)) ([@B29]). After three days, the infected cells were harvested and lysed, and viruses were prepared by three freeze-thaw cycles to release EMCV virions. The titer of EMCV was measured using plaque assay ([@B29]). Confluent BHK-21 cells on a 60-mm dish were incubated with the diluted viral sample (1 ml) for 1 h. Following removal of the medium, an agar-containing medium (0.5 ml agar (2.5% in water, Difco) plus 2 ml medium) was overlaid on the cells. After agar layer became solid (∼30 min at room temperature), 2.5 ml of medium was overlaid, and incubated for 30 h at 37°C. Plaques formed on each dish were counted, and plaque-forming units (pfu) were calculated.

Northern blot analysis {#SEC2-6}
----------------------

For analyzing replication of EMCV, HeLa cells were transfected with siRNA for 24 h. The cells were further treated with IFN-α/β for 24 h and infected with EMCV at MOI = 1. The cells were harvested at the specified time after the infection. For analyzing decay of *in vitro* synthesized mRNA, HeLa cells were transfected with siRNA for 48 h to downregulate the specified proteins. The cells were transfected with EMCV-R16D-RNA, EMCV-1B-RNA, IRES-5×Flag-EGFP-EMCV-UTR mRNA. IRES-5×Flag-EGFP-BGG-UTR mRNA, 5×Flag-EGFP mRNA or EGFP (1--87) mRNA for 3 h, washed with phosphate-buffered saline to completely remove the *in vitro* synthesized mRNA, and harvested at the specified time after the transfection. For the transcriptional shut off analysis, T-REx HeLa cells were transfected with siRNA against either luciferase (control), Dom34 or RNase L. At 24 h, after siRNA transfection, the cells were further transfected with pCMV-TO-5×Flag-EGFP. At 6 h after plasmid transfection, EGFP mRNA expression was induced by treatment with tetracycline (10 ng/ml) for 18 h, and the cells were harvested at the specified time after the transcription was shut off. Total RNA was isolated and analyzed by northern blotting using either \[^32^P\] or \[^33^P\]-labeled Flag nucleotide (NH0208), EMCV-5′ UTR nucleotides (KN22/KN23/KN24/KN25), EGFP nucleotides (NH0849/NH0850/TN0027) or β-actin nucleotides (TN0016/TN0017/TN0018/TN0019) as probes. The levels of mRNAs were quantitated from the northern blot using Image Gauge Ver 4.23 (Fujifilm) or ImageJ 10.2. Entire gels stained with ethidium bromide are shown in [Supplementary Figure S5](#sup1){ref-type="supplementary-material"}.

Endogenous gene tagging in HeLa cells {#SEC2-7}
-------------------------------------

HeLa/5×Flag-RNase L cells were obtained as follows. HeLa cells were transfected with hCas9 (Addgene plasmid \# 41815), pgRNA-RNase L and p5×Flag-RNase L-Donor. Two days after transfection, cells were selected with 0.5 μg/ml puromycin and maintained as a polyclonal pool.

Immunoprecipitation and western blotting {#SEC2-8}
----------------------------------------

For immunoprecipitation, cells were transfected with plasmids for 24 h. The cells were lysed in buffer A (20 mM Tris--HCl (pH 7.5), 50 mM NaCl, 2.5 mM EDTA, 0.5% Nonidet P-40, 1 mM DTT, 0.1 mM PMSF, 2 μg/ml aprotinin, 2 μg/ml leupeptin and 2 μg/ml PepstatinA), buffer B (20 mM Tris--HCl (pH 7.5), 50 mM NaCl, 1 mM MgCl~2~, 0.5% Nonidet P-40, 1 mM DTT and 5 mg/ml cOmplete mini (Roche)) or buffer C (20 mM Tris--HCl (pH 7.5), 50 mM NaCl, 0.5% Nonidet P-40, 1 mM DTT, 5 mg/ml cOmplete mini (Roche) and 40 U/ml Recombinant RNase inhibitor (TAKARA)) on ice for 10 or 30 min. The cell extract was centrifuged at 20,400 × g for 10 min, and the supernatant was subsequently incubated with anti-Flag M2 agarose (Sigma, A2220) or anti-c-Myc agarose affinity gel antibody produced in rabbit (Sigma, A7470) in the presence of 1 μg/ml RNase A (Sigma) as needed at 10°C for 1 h. The agarose resin was then washed three times with each buffer. The retained proteins and RNAs were eluted using SDS-PAGE sample buffer and phenol/chloroform extraction, respectively. For immunoprecipitation assay of endogenous proteins, HeLa or HeLa/5×Flag-RNase L cells were lysed in buffer D (20 mM Tris--HCl (pH 7.5), 100 mM NaCl, 1 mM EDTA, 0.5% Nonidet P-40, 1 mM DTT, 10% glycerol, 0.25% sodium deoxycholate, 5 μg/ml RNase A and 1×protease inhibitor ocktail (nacalai tesque)) on ice for 30 min. The lysates were centrifuged at 20,400 × g for 20 min, and the supernatant was subsequently incubated with anti-Flag M2 agarose (Sigma) at 10°C for 1 h. The agarose resin was then washed three times with buffer D. The retained proteins were eluted using SDS-PAGE sample buffer and analyzed by western blotting. For analyzing total cell lysate by western blotting, proteins from total cell lysate were extracted with SDS-PAGE sample buffer. Antibodies used for western blotting were as follows: anti-Flag (Sigma, F3165, Cell Signaling Technology, 2368), anti-Myc (Roche, 11667149001, Santa Cruz Biotechnology, sc-789), anti-Dom34 (([@B16]), raised against His-tagged Dom34(220--385)), anti-RNase L (raised against His-tagged RNase L(1--333)), anti-OAS3 (abcam, ab154270), anti-GAPDH ([@B16]), anti-Xrn1 (Bethyl Laboratories, A300--443A), anti-Ski2 (Proteintech, 11462--1-AP), anti-Mtr4 (Bethyl Laboratories, A300--614A) and anti-Upf1 (raised against a synthetic peptide corresponding to N-terminal residues of Upf1 (EEDEEDTYYTKDLPIHAC)). The levels of proteins in the siRNA treated conditions were determined by western blotting in [Supplementary Figure S4](#sup1){ref-type="supplementary-material"}.

Protein purification {#SEC2-9}
--------------------

6×His-OAS3 (743--1087 a.a.), 6×His-S2-Flag, 6×His-S2-Flag-RNase L and 6×His-S2-Myc-Dom34 were produced in *Escherichia coli* BL21 by adding bacterial expression vectors and 0.5 mM IPTG. The cells were lysed in buffer E (20 mM Na-Pi (pH 8.0), 300 mM NaCl, 1 mM DTT, 10 mM Imidazole) and the recombinant proteins were purified from the lysate. The lysates were affinity-purified using Ni-NTA agarose (QIAGEN).

Polysome profile analysis {#SEC2-10}
-------------------------

Polysome profile analysis by sucrose density gradients was performed as follows. HeLa cells or HeLa/5×Flag-RNase L cells were harvested with 100 μg/ml cycloheximide/phosphate-buffered saline at the specified time after the mRNA or 2--5A transfection. The cells were lysed in buffer F (20 mM HEPES--KOH (pH 7.5), 1 mM EGTA, 5 mM MgCl~2~, 150 mM KCl, 100 μg/ml cycloheximide, 0.5 mM PMSF, 0.5% Nonidet P-40, 2 μg/ml aprotinin, 2 μg/ml leupeptin, 2 μg/ml pepstatinA and 1 mg/ml heparin) or buffer G (20 mM HEPES--KOH (pH 7.5), 1 mM EGTA, 5 mM MgCl~2~, 150 mM KCl, 100 μg/ml cycloheximide, 0.25% sodium deoxycholate, 1×protease inhibitor cocktail (nacalai tesque) and 1 mg/ml heparin) on ice for 10 min. The cell extract was centrifuged at 20,400 × g for 10 min, and the supernatant was layered onto linear 10--50% sucrose density gradients (20 mM HEPES--KOH (pH 7.5), 1 mM EGTA, 5 mM MgCl~2~, 150 mM KCl, 100 μg/ml cycloheximide) and centrifuged at 24,000 rpm for 90 min using a Beckman JS-24 rotor or 39,000 rpm for 90 min using a Beckman SW41Ti rotor. After centrifugation, 500 μl fractions were collected using BIOCOMP Piston Gradient Fractionator.

OAS3 enzyme activity assay {#SEC2-11}
--------------------------

A colorimetric method was performed to measure the amount of pyrophosphate (PP~i~) with the production of 2--5A by OAS3 ([@B34]). Recombinant 6×His-OAS3 (743--1087 a.a.) protein and RNA were incubated for 1 h in the presence of 20 mM HEPES--NaOH (pH 7.5), 5 mM MnCl~2~, 1 mM ATP and 4 mM DTT in a total volume of 20 μl at 37°C in a 384 plate. The reaction mixture was mixed with 20 μl of molybdate reagent (2.5% hexaammonium heptamolybdate tetrahydrate (Wako) in 2.5 M H~2~SO~4~) and 30 μl of Eikonogen Reagent (0.0357% of 1-amino-2-naphthol-4-sulfonic acid (Wako), 0.0357% of sodium sulfite (Wako), 2.09% of sodium bisulfite and 357 mM 2-mercaptoethanol (Wako)). This mixture was quantified by *A*~580~ mesurement with Wallac 1420 ARVO MX multilabel counter (PerkinElmer).

Statistical analysis {#SEC2-12}
--------------------

*P*-values were determined using the two-tailed Student\'s *t* test for paired samples. \**P* \< 0.05, \*\**P* \< 0.01. Error bars represent mean ± SEM.

RESULTS {#SEC3}
=======

Dom34 restricts EMCV replication {#SEC3-1}
--------------------------------

First, we searched for cellular host factors involved in defense against viral replication using a positive-sense single-stranded RNA virus, EMCV (encephalomyocarditis virus), as a model system. In particular, we focused on the mRNA decay factors, which are involved in the decay of cellular mRNA. HeLa cells were treated with previously validated siRNAs targeting each of the mRNA decay factors, and knockdown was allowed to proceed for 24 h, after which cells were treated with or without 25 U/ml of interferon (IFN)-α/β for 24 h. The cells were infected with EMCV at a multiplicity of infection (MOI) of 1, and the relative level of EMCV RNA was measured by northern blotting. Among the factors investigated, down-regulation of Dom34, RNase L or Upf1 significantly increased the level of EMCV RNA (Figure [1A](#F1){ref-type="fig"}). The effects were more prominent by the treatment with IFN-α/β. As RNase L and Upf1 are already known to be restriction factors for positive-strand RNA viruses ([@B35],[@B36]), we focused on the newly identified Dom34 for further study.

![Identification of Dom34 as a novel restriction factor for EMCV replication. (**A**) HeLa cells were transfected with siRNA against either luciferase (control) or targets. At 24 h after siRNA transfection, the cells were treated with (lanes 10--18) or without (lanes 1--9) IFN-α/β (25 U/ml) for 24 h. The cells were infected with EMCV (MOI = 1 for 1 h). The cells were cultured in growth medium for 8 h, and RNA was analyzed by northern blotting. The levels of EMCV--RNA were quantified and normalized to the levels of β-actin mRNA, and the normalized levels of each control (lanes 1 and 10) were defined as 1 (mean ± SEM, *n* = 4). (**B**) HeLa cells were transfected with siRNA against either luciferase (control), Dom34 or RNase L. At 24 h after siRNA transfection, the cells were treated with (right panels) or without (left panels) IFN-α/β (25 U/ml) for 24 h and the cells were infected with EMCV (MOI = 1 for 1 h). The cells were cultured in growth medium over time. EMCV--RNA and β-actin mRNA were analyzed by northern blotting. The levels of EMCV--RNA were quantified and normalized to the levels of β-actin mRNA, and the normalized levels of the 3-hr time point of the control were defined as 1 (mean ± SEM, *n* = 3). (**C**) HeLa cells were transfected with siRNA against either luciferase (control), Dom34 or RNase L. At 24 h after transfection, the cells were treated with IFN-α/β (5 U/ml) for 24 h. The cells were further transfected with EMCV--RNA for 1 h. The cells were cultured in growth medium and harvested at the indicated times. RNA was analyzed by northern blotting. The levels of EMCV--RNA were quantified and normalized to the levels of β-actin mRNA, where the normalized levels from the 8-h time point were defined as 100% (mean ± SEM, *n* = 3).](gky1087fig1){#F1}

Thus, we examined the effect of Dom34 depletion on the kinetics of EMCV replication. HeLa cells were depleted of either Dom34 or RNase L (positive control), after which cells were treated with or without 25 U/ml of IFN-α/β, and the cells were harvested over time after the viral infection. EMCV replication rate was increased by the down-regulation of Dom34 and RNase L as indexed by the level of EMCV RNA (Figure [1B](#F1){ref-type="fig"}). The effects were more prominent by the treatment with IFN-α/β. To rule out the possibility that Dom34 inhibited virus attachment and entry into cells, we next analyzed EMCV replication by utilizing an *in vitro* EMCV replication system ([@B37],[@B38]). EMCV RNA was synthesized by *in vitro* transcription and subsequently transfected into HeLa cells. In this condition, EMCV replication was suppressed by the host defense mechanism during a 16-h incubation (Figure [1C](#F1){ref-type="fig"}). However, robust increase in the level of EMCV RNA was observed by the down-regulation of Dom34 and RNase L. These results indicate that Dom34 as well as RNase L suppresses EMCV replication.

Downregulation of RNase L and Dom34 increases the half-life of EMCV RNA {#SEC3-2}
-----------------------------------------------------------------------

Dom34 is known as a quality control factor eliminating aberrant mRNAs and plays a key role in triggering the nonstop and no-go mRNA decay ([@B15],[@B39],[@B40]). These results prompted us to investigate if Dom34 is involved in the decay of EMCV RNA. Therefore, we developed a method that measures the half-life of the EMCV RNA by constructing EMCV (EMCV-R16D) with a point mutation in the viral RNA polymerase gene 3D (Figure [2A](#F2){ref-type="fig"}). As EMCV-R16D is unable to replicate its own viral RNA in cells, we can assess the half-life of EMCV RNA. In this condition, EMCV-R16D-RNA was decayed with a short half-life of 1.4 ± 0.2 h and RNase L depletion increased the half-life of EMCV-R16D-RNA (3.0 ± 0.4 h), which is consistent with previous results demonstrating that RNase L is an innate immune endoribonuclease against EMCV (Figure [2B](#F2){ref-type="fig"}, left panel). Similar results were obtained upon depletion of Dom34 (Figure [2B](#F2){ref-type="fig"}, right panel). These results suggest that Dom34 as well as RNase L is involved in the decay of EMCV RNA.

![Dom34 and RNase L degrade EMCV RNA. (**A**) Schematic diagram of EMCV--RNA and its mutants. (**B**--**F**) Degradation rate of point mutant, deletion and replacement mutants of EMCV RNA in HeLa cells transfected with siRNA against either luciferase (control), Dom34 or RNase L. The levels of the RNAs that were normalized to the levels of β-actin mRNA were quantified, where the normalized levels from the 0-hr time point were defined as 100% (mean ± SEM). The half-lives of the RNAs were calculated (average *t*~1/2~ ± SEM, *n* = 3 or 4). (**G**, **H**) T-REx HeLa cells were transfected with siRNA against either luciferase (control), Dom34 or RNase L. At 24 h after siRNA transfection, the cells were further transfected with pCMV-TO-5×Flag-EGFP. At 6 h after plasmid transfection, EGFP mRNA expression was induced by treatment with tetracycline (10 ng/ml) for 18 h, and the cells were harvested at the specified time after the transcription was shut off. The levels of 5×Flag-EGFP mRNA that were normalized to the levels of β-actin mRNA were quantified, where the normalized levels from the 0-hr time point were defined as 100% (mean ± SEM). The half-lives of the RNAs were calculated (average *t*~1/2~ ± SEM, *n* = 3).](gky1087fig2){#F2}

To further confirm that Dom34 functions in the decay of other viral RNAs, we measured the half-life of CVB1 (coxsackievirus B1) RNA by constructing CVB1 lacking non-structural protein coding regions required for the viral replication (CVB1-VP1). HeLa cells were treated with siRNA against either Dom34 or RNase L for 48 h, after which cells were transfected with the CVB1-VP1-RNA, and RNA isolated from the cells was analyzed by northern blotting ([Supplementary Figure S1A and S1B](#sup1){ref-type="supplementary-material"}). Depletion of either Dom34 or RNase L increased the half-life of the CVB1-VP1-RNA. In contrast to EMCV and CVB1, we could not detect Dom34/RNase L dependency in the decay of poliovirus RNA, which is consistent with a previous report showing that poliovirus RNA has a phylogenetically conserved structure that is inhibitory to RNase L (data not shown) ([@B41]).

Dom34 detects the 'exogenous' nature of EMCV RNA {#SEC3-3}
------------------------------------------------

Previous studies reported that Dom34 detects the stalled ribosome on mRNAs with specific elements, such as secondary structure and rare codons, in the quality control system for eliminating aberrant mRNAs ([@B17]). This led us to speculate that EMCV RNA may have a structural element that induces ribosomal stall in the open reading frame of the viral RNA. To assess the region required for the Dom34-mediated decay of EMCV RNA, we constructed a series of deletion and replacement mutants of EMCV RNA (Figure [2A](#F2){ref-type="fig"}). As EGFP and β-globin genes are well-characterized and frequently used as reporters, we used EGFP-ORF and β-globin-3′ UTR for the gene replacement. HeLa cells were treated with siRNAs against either luciferase or Dom34 for 48 h, and then transfected with each of the EMCV mutants. The total RNA isolated from the cells was subjected to northern blotting. Contrary to what we expected, partial deletion of the EMCV ORF and even the complete replacement of the ORF to the EGFP ORF did not compromise the Dom34 dependency of the viral RNA decay. Dom34 knockdown increased the half-life of each RNA (Figure [2C](#F2){ref-type="fig"}, [D](#F2){ref-type="fig"}). Therefore, we next searched the 3′-untranslated region (3′UTR) of EMCV RNA for the presence of elements required for the Dom34-mediated decay. We replaced the 3′UTR of EMCV RNA with that of the β-globin gene. As shown in Figure [2E](#F2){ref-type="fig"}, decay of the resultant IRES-5×Flag-EGFP-BGG-UTR was still dependent on Dom34. Finally, we replaced IRES-containing 5′-untranslated region (5′UTR) of EMCV with the 5′-capped-5′UTR of non-viral synthetic mRNA (5×Flag-EGFP). Surprisingly, even the replacement of the 5′UTR did not compromise the Dom34 dependency of the viral RNA decay (Figure [2F](#F2){ref-type="fig"}). From these results, we conclude that Dom34-mediated decay of EMCV RNA is not dependent on the sequence of the viral RNA, but may require the 'exogenous' nature of the RNA. It is noteworthy that RNase L also mediates the decay of the RNA construct. RNase L knockdown increased the half-life of the 5×Flag-EGFP RNA (see Figure [3](#F3){ref-type="fig"}).

![RNase L interacts with Dom34 and acts together to eliminate exogenous mRNA. (**A**) HeLa cells were transfected with a combination of either pCMV-5×Myc-Dom34 (lanes 1, 2, 5, 6, 9 and 10) or pCMV-5×Myc-eRF1 (lanes 3, 4, 7, 8, 11 and 12) and either pCMV-5×Flag (1, 3, 5, 7, 8 and 11) or pCMV-5×Flag-RNase L (2, 4, 5, 6, 10 and 12). The cells were lysed in lysis buffer A for 30 min on ice. The lysates were clarified by centrifugation for 10 min at 20,400 × g, and the supernatants were rotated with anti-Flag M2 agarose in the presence of 1 μg/ml RNase A as needed at 10°C for 1 h. The immunoprecipitates (lanes 5--12) and inputs (lanes 1--4, 10% of the amount immunoprecipitated) were analyzed by western blotting with the indicated antibodies. (**B**) Cell extracts prepared from HeLa cells and HeLa cells expressing Flag-tagged RNase L were used for co-immunoprecipitation. The immunoprecipitates (lanes 3 and 4) and inputs (lanes 1 and 2, 2% of the amount immunoprecipitated) were analyzed by western blotting with the indicated antibodies. (**C**) Either recombinant 6×His-S2-Flag (lanes 1 and 3) or 6×His-S2-Flag-RNase L (lanes 2 and 4) was incubated with 6×His-S2-Myc-Dom34 in buffer A at 10°C for 1 h. The immunoprecipitates (lanes 3 and 4) and inputs (lanes 1 and 2, 10% of the amount immunoprecipitated) were analyzed by western blotting with the indicated antibodies. (**D**) HeLa cells were transfected with siRNA against either luciferase (control), Dom34, RNase L or Dom34/RNase L. At 24 h after siRNA transfection, the cells were treated with IFN-α/β (25 U/ml) for 24 h and the cells were infected with EMCV (MOI = 1 for 1 h). The cells were cultured in growth medium over time. EMCV--RNA and β-actin mRNA were analyzed by northern blotting. The levels of EMCV--RNA were quantified and normalized to the levels of β-actin mRNA, and the normalized levels of the 7-h time point of the control were defined as 1 (mean ± SEM, *n* = 3). (**E**) HeLa cells were transfected with siRNA against either luciferase (control), Dom34, RNase L or Dom34/RNase L. At 48 h after siRNA transfection, the cells were further transfected with 5×Flag-EGFP mRNA for 3 h, and cultured in growth medium over time. 5×Flag-EGFP mRNA and 28S rRNA were analyzed by northern blotting (upper panel) and ethidium bromide staining (lower panel), respectively. The leftmost five lanes, which analyzed 2-fold dilutions of total RNA, show that the conditions used for ethidium bromide staining are semi-quantitative. The levels of 5×Flag-EGFP mRNA that were normalized to the levels of 28S rRNA were quantified, where the normalized levels from the 0-h time point were defined as 100% (mean ± SEM, *n* = 4). The half-lives of 5×Flag-EGFP mRNA were calculated (average *t*~1/2~ ± SEM, *n* = 4).](gky1087fig3){#F3}

It is reasonable to assume that both Dom34 and RNase L mediate decay of exogenous RNA irrespective of whether the RNA is derived from a virus or not. Indeed, the final replacement construct 5×Flag-EGFP mRNA used in the above experiment was 5′ capped and 3′ polyadenylated mRNA, but contained no virus-derived RNA. To determine whether Dom34 discriminates 'exogenous/foreign' RNA, we constructed a EGFP expression plasmid, which endogenously produces 5′ capped and 3′ poly(A) tailed 5×Flag-EGFP mRNA, and compared the decay profile to that of the corresponding exogenous synthetic mRNA with the same sequence. T-REx HeLa cells were transfected with the plasmid and the decay kinetics of 5×Flag-EGFP mRNA derived from the plasmid were monitored using a tetracycline regulatory transcriptional chase approach. After transcription was induced by tetracycline for 18 h, the decay kinetics of the 5×Flag-EGFP mRNA were analyzed by northern blotting. Decay of the endogenously expressed 5×Flag-EGFP mRNA was not affected by the downregulation of Dom34 (Figure [2G](#F2){ref-type="fig"}). This is in sharp contrast to the exogenously introduced 5×Flag-EGFP mRNA (Figure [2F](#F2){ref-type="fig"}). Similar results were also observed for RNase L; exogenously introduced 5×Flag-EGFP mRNA but not endogenously expressed 5×Flag-EGFP mRNA was stabilized by RNase L downregulation (compare Figures [2H](#F2){ref-type="fig"} and [3E](#F3){ref-type="fig"}). These results clearly demonstrate that Dom34 as well as RNase L functions in the decay of exogenous mRNA.

Dom34 interacts with RNase L endoribonuclease {#SEC3-4}
---------------------------------------------

The above results demonstrate that Dom34 and RNase L are involved in the decay of exogenous mRNA. Thus, we expected that RNase L may form a complex with Dom34 to function in the decay of exogenous mRNA. Therefore, we first examined the interaction between Dom34 and RNase L. HeLa cells were transfected with a plasmid expressing 5×Flag-RNase L and a plasmid expressing either 5×Myc-Dom34 or 5×Myc-eRF1. Cell extracts were prepared and subjected to immunoprecipitation with an anti-Flag antibody. Western blot analysis showed that 5×Flag-RNase L co-purified with 5×Myc-Dom34, but not with 5×Myc-eRF1 (Figure [3A](#F3){ref-type="fig"}). Essentially the same results were obtained with or without RNase A treatment, indicating that the interaction is not mediated by RNA. To further explore the interaction between endogenous Dom34 and RNase L, we used CRISPR/Cas9-mediated Flag epitope tagging at the N-terminus of RNase L and performed immunoprecipitation with an anti-Flag antibody. As shown in Figure [3B](#F3){ref-type="fig"}, endogenous Flag-tagged RNase L co-purified with endogenous Dom34. To examine if the interaction was direct or not, we next constructed *E. coli* recombinant proteins, 6×His-S2-Myc-Dom34 and 6×His-S2-Flag-RNase L, and performed a pull-down experiment. 6×His-S2-Myc-Dom34 co-purified with 6×His-S2-Flag-RNase L (Figure [3C](#F3){ref-type="fig"}). These results indicate that Dom34 directly binds to form a complex with RNase L.

Dom34 and RNase L act together to eliminate exogenous mRNA {#SEC3-5}
----------------------------------------------------------

The finding that Dom34 and RNase L directly bind to form a complex prompted us to investigate if these factors act together to eliminate exogenous mRNA using the double knockdown strategy. HeLa cells were depleted of Dom34 and/or RNase L for 24 h, after which cells were treated with 25 U/ml of interferon (IFN)-α/β for 24 h. The cells were infected with EMCV at a MOI of 1, and the relative level of EMCV RNA was measured by northern blotting (Figure [3D](#F3){ref-type="fig"}). Dom34 knockdown increased EMCV replication to a level comparable to that seen in RNase L knockdown. Of note, the increased EMCV replication by the single knockdown of either protein was not affected by the double knockdown of both proteins. Next, we assessed the decay rate of exogenous mRNA under the double knockdown condition. HeLa cells were depleted of Dom34 and/or RNase L for 48 h, after which cells were transfected with 5×Flag-EGFP mRNA, and RNA isolated from the cells was analyzed by northern blotting (Figure [3E](#F3){ref-type="fig"}). The RNase L knockdown increased the half-life of the exogenous mRNA to a level comparable to that seen in Dom34 knockdown. The increased half-life of the mRNA by the single knockdown of either protein was again not affected by the double knockdown of both proteins (Figure [3E](#F3){ref-type="fig"}). These results suggest that RNase L and Dom34 act together to eliminate exogenous mRNA.

Dom34-RNase L regulates exogenous mRNA decay downstream of OAS3 {#SEC3-6}
---------------------------------------------------------------

The above results demonstrate that the decay of exogenous mRNA involves Dom34-RNase L. To determine if catalytic activity of RNase L is required for the exogenous mRNA decay, we have examined the effect of a previously reported RNase L inhibitor, curcumin, on rapid degradation of transfected 5×Flag-EGFP mRNA. We first confirmed that curcumin inhibited RNase L activity with an IC~50~ of ∼30 μM in an *in vitro* enzyme assay using FRET ([Supplementary Figure S2A](#sup1){ref-type="supplementary-material"}) ([@B42]). At the near IC~50~ concentration, curcumin inhibited the exogenous mRNA decay: the half-life of the 5×Flag-EGFP mRNA was increased 3-fold from 1.4 h to 4.2 h ([Supplementary Figure S2B](#sup1){ref-type="supplementary-material"}). These results indicate that catalytic activity of RNase L is required for the exogenous mRNA decay. RNase L is an endoribonuclease that is activated through the 2′-5′-oligoadenylate synthetase (OAS) pathway to function in antiviral and antibacterial innate immunity. In the presence of dsRNA or ssRNA with secondary structures, OAS can be activated to catalyze the oligomerization of ATP into 2′,5′-linked oligoadenylate (2--5A), which in turn binds to and activates RNase L ([@B18]). Human cells express four related OAS family members: OAS1, OAS2, OAS3 and OASL ([@B43]). Among the OAS family members, OAS3 is an enzyme that senses long RNAs ([@B44]). This led us to speculate that the Dom34-mediated exogenous mRNA decay involves activation of OAS3. Thus, we investigated if OAS3 is involved in the decay of exogenous mRNA. HeLa cells were depleted of OAS3 and/or Dom34 for 48 h and then transfected with 5×Flag-EGFP mRNA. RNA isolated from the cells was analyzed by northern blotting (Figure [4A](#F4){ref-type="fig"}). Consistent with our expectation, OAS3 depletion stabilized exogenous mRNA to a level comparable to that seen in Dom34 depletion (Figure [4A](#F4){ref-type="fig"}). Moreover, the increased half-life by the single knockdown of either protein was not affected by the double knockdown of both proteins. The steady-state level of the exogenous 5×Flag-EGFP mRNA was 3-fold higher in OAS3-depleted cells than that in the control case (Figure [4B](#F4){ref-type="fig"}). We confirmed that OAS3 was specifically depleted by OAS3 siRNA ([Supplementary Figure S3](#sup1){ref-type="supplementary-material"}).

![OAS3 functions in the decay of exogenous mRNA in mammalian cells. (**A**) HeLa cells were transfected with siRNA against either luciferase (control), Dom34, OAS3 or Dom34/OAS3. At 48 h after siRNA transfection, the cells were further transfected with 5×Flag-EGFP mRNA for 3 h, and cultured in growth medium over time. 5×Flag-EGFP mRNA and β-actin mRNA were analyzed by northern blotting. The levels of 5×Flag-EGFP mRNA that were normalized to the levels of β-actin mRNA were quantified, where the normalized levels from the 0-h time point were defined as 100% (mean ± SEM, *n* = 4). The half-lives of 5×Flag-EGFP mRNA were calculated (average *t*~1/2~ ± SEM, *n* = 4). (**B**) The steady-state levels of 5×Flag-EGFP mRNA. HeLa cells were transfected with siRNA against either control luciferase (lane 1) or OAS3 (lane 2). At 48 h after siRNA transfection, the cells were further transfected with 5×Flag-EGFP mRNA. At 6 h after mRNA transfection, the cells were washed with phosphate-buffered saline to completely remove the 5 × Flag-EGFP mRNA and harvested at 7 h after the wash. Total cell lysate was analyzed by northern blotting (upper panel) and ethidium bromide staining (lower panel), respectively. The left most five lanes, which analyzed 2-fold dilutions of total RNA, show that the conditions used for ethidium bromide staining are semi-quantitative. The amount of 5×Flag-EGFP mRNA was measured and normalized to the 28S rRNA. The mRNA level in luciferase siRNA-treated cells was set to 1 and fold-increases are indicated. (**C**) HeLa cells were transfected with a combination of pCMV-TO-5×Flag-EGFP (left panels) or 5×Flag-EGFP mRNA (right panels) and either pCMV-5×Myc (lanes 1 and 4), pCMV-5×Myc-OAS3 (lanes 2 and 5) or pCMV-5×Myc-PABPC1 (lanes 3 and 6). The cells were lysed in buffer C. The immunoprecipitates (lanes 4--6) and inputs (lanes 1--3, 10% of the amount immunoprecipitated) were analyzed by northern blotting (upper panels) or western blotting (lower panels) with the indicated antibody. Values below the blots represent quantification of RNA levels. (**D**) Activation of recombinant OAS3 (743--1087 a.a.) by poly(I:C) or 5×Flag-EGFP mRNA. Purified OAS3 (743--1087 a.a.) (400 nM) and RNA were incubated in the presence of ATP (1 mM) and MnCl~2~ (5 mM) at 37°C for 1 h. OAS3 activity was quantified by a molybdenum blue method. Error bars represent SEM for three independent experiments.](gky1087fig4){#F4}

The aforementioned results indicate that Dom34-RNase L specifically mediates decay of exogenous mRNA, but not that of endogenously expressed mRNA. However, the interesting question that remains is how exogenous mRNA is recognized as 'exogenous'. We hypothesized that OAS3 is one candidate that discriminates exogenous mRNA to be degraded by Dom34-RNase L. To test this idea, we performed an RNA immunoprecipitation assay. HeLa cells were transfected with a plasmid expressing either 5×Myc-OAS3 or 5×Myc-PABPC1 (positive control) and either 5×Flag-EGFP mRNA or a plasmid expressing 5×Flag-EGFP mRNA. Northern blot analysis of anti-Myc immunoprecipitates showed that 5×Myc-PABP co-purified with 5×Flag-EGFP mRNA irrespective of whether it is exogenous or endogenous, whereas 5×Myc-OAS3 co-purified with exogenous 5×Flag-EGFP mRNA, but not with endogenously expressed 5×Flag-EGFP mRNA derived from the plasmid (Figure [4C](#F4){ref-type="fig"}). Thus, we expected that the binding of exogenous 5×Flag-EGFP mRNA to the OAS3 should activate 2′-5′ oligoadenylate synthetase activity. To test this prediction, we purified recombinant OAS3 to near homogeneity and measured the activity of OAS3 in the presence of 5×Flag-EGFP mRNA. The 5×Flag-EGFP mRNA activates 2′-5′ oligoadenylate synthetase activity to a level comparable to that seen with a well-known activator poly(I:C) (Figure [4D](#F4){ref-type="fig"}). These results suggest that OAS3 is responsible for the recognition of exogenous mRNA and transduction of signaling 2--5A molecule to the downstream RNase L. These results further substantiate our conclusion that Dom34-RNase L regulates the decay of exogenous mRNA downstream of OAS3.

Dom34 mediates exogenous mRNA decay in a manner dependent on translation {#SEC3-7}
------------------------------------------------------------------------

The above results demonstrate that OAS3 contributes to recognize exogenous mRNA and releases signaling 2--5A molecule to activate RNase L. However, it is still unclear how exogenous mRNA is targeted for degradation by the activated RNase L. In the mRNA quality control system eliminating aberrant mRNA, Dom34 plays a central role in targeting aberrant mRNA for degradation by NSD/NGD. Thus, we set out to elucidate the role of Dom34 in the decay of exogenous mRNA. In NSD/NGD, Dom34 mediates degradation of aberrant mRNA in a manner dependent on translation. To examine if degradation of exogenous mRNA also requires translation, we analyzed the effects of a translation inhibitor, cycloheximide (CHX), on the half-life of exogenous mRNA. HeLa cells were transfected with 5×Flag-EGFP mRNA for 3 h. The cells were treated with or without CHX over time and total RNA prepared from the cells was subjected to northern blot analysis. Cycloheximide treatment significantly increased the half-life of the exogenous mRNA from 1.8 ± 0.2 h to 3.3 ± 0.4 h (Figure [5A](#F5){ref-type="fig"}). To further confirm that the decay of exogenous mRNA was translation-dependent, we constructed an synthetic mRNA lacking the AUG initiation codon (EGFP(1--87) (AUG mt) mRNA) and analyzed the rate of mRNA decay. The exogenous mRNA lacking the initiation codon showed an increased half-life of 7.1 ± 0.8 h as compared with the control case with the initiation codon (3.9 ± 0.5 h) (Figure [5B](#F5){ref-type="fig"}). In this case, downregulation of Dom34 did not significantly affect the rate of the mRNA decay. These results further substantiate our conclusion that Dom34 mediates degradation of exogenous mRNA in a manner dependent on translation.

![Degradation of exogenous mRNA requires translation. (**A**) HeLa cells were transfected with 5×Flag-EGFP mRNA for 3 h. The cells were treated with (lanes 5--8) or without (lanes 1--4) 200 μg/ml cycloheximide (CHX) and cultured in growth medium over time. 5×Flag-EGFP mRNA and 28S rRNA were analyzed by northern blotting and ethidium bromide staining, respectively. 5×Flag-EGFP mRNA decay was analyzed as in Figure [3E](#F3){ref-type="fig"} (mean ± SEM, *n* = 3), and the half-lives of 5×Flag-EGFP mRNA were calculated (average *t*~1/2~ ± SEM, *n* = 3). (**B**) HeLa cells were transfected with siRNA against either luciferase (control) or Dom34. At 48 h after siRNA transfection, the cells were further transfected with control EGFP (1--87) mRNA (lanes 1--4 and 9--12) or EGFP (1--87)-(AUG mt) mRNA (lanes 5--8 and 13--16) for 3 h, and the cells were cultured in growth medium over time. EGFP (1--87) mRNA and 28S rRNA were analyzed by northern blotting and ethidium bromide staining, respectively. The leftmost five lanes, which analyzed 2-fold dilutions of total RNA, show that the conditions used for ethidium bromide staining are semi-quantitative. EGFP (1--87) mRNA decay was analyzed as in Figure [3E](#F3){ref-type="fig"} (mean ± SEM, *n* = 4), and the half-lives of EGFP (1--87) mRNA were calculated (average *t*~1/2~ ± SEM, *n* = 4). (**C**) HeLa cells were transfected with siRNA against either control luciferase (upper panels) or Dom34 (lower panels). At 48 h after siRNA transfection, the cells were further transfected with 5×Flag-EGFP mRNA. At 3 h after mRNA transfection, the cells were lysed in buffer F. The cell lysates were fractionated by sucrose gradients. 5×Flag-EGFP mRNA and β-actin mRNA were analyzed by northern blotting, and 18S rRNA and 28S rRNA were analyzed by ethidium bromide staining. (**D**) Quantification of 5×Flag-EGFP mRNA in non-polysome (fractions 1--5) and polysome (fractions 6--14) in (C). The mRNA level in luciferase siRNA-treated cells was set to 1 and fold-increases are indicated (mean ± SEM, *n* = 3).](gky1087fig5){#F5}

Dom34 releases ribosome stalled on the exogenous mRNA {#SEC3-8}
-----------------------------------------------------

Dom34 was reported to recognize and release stalled ribosomes on aberrant mRNAs to trigger mRNA decay. Here, we have shown that Dom34 mediates degradation of exogenous mRNA in a manner dependent on translation. Therefore, a parsimonious explanation for this observation is that the ribosome stalls on exogenous mRNA during translation and Dom34 recognizes this stalled ribosome to trigger the exogenous mRNA decay. To test this idea, we examined the polysomal distribution of the exogenous mRNA by polysome profile analysis. HeLa cells were depleted of Dom34 for 48 h and then transfected with 5×Flag-EGFP mRNA. The cell extract was fractionated by sucrose-density gradient centrifugation to separate the polysomes. RNAs extracted from polysomal fractions were subjected to northern blot analysis or ethidium bromide staining (Figure [5C](#F5){ref-type="fig"}). Knockdown of Dom34 resulted in a 2.4-fold increase in the level of 5×Flag-EGFP mRNA in the polysomal fractions without affecting the level of β-actin mRNA (Figure [5C](#F5){ref-type="fig"}, [D](#F5){ref-type="fig"}). The result is consistent with our model suggesting that ribosomes stall on the exogenous mRNA, and Dom34 recognizes and releases the stalled ribosomes, which leads to the simultaneous decay of the exogenous mRNA.

Active RNase L dimer preferentially forms a complex with Dom34 {#SEC3-9}
--------------------------------------------------------------

Analogous to the mRNA quality control system, Dom34 recognizes a stalled ribosome on the exogenous mRNA and mediates degradation of exogenous mRNA in a manner dependent on translation. Considering this, together with the fact that Dom34 directly binds to RNase L, it is reasonable to think that Dom34 recruits RNase L to the stalled ribosome. Previous studies demonstrated that OAS-produced signaling 2--5A molecules convert RNase L from an inactive monomer to an active dimer ([@B45],[@B46]). Thus, we examined if the interaction between RNase L and Dom34 depends on dimerization of RNase L. To test this idea, we constructed the RNase L Y312A mutant, which has mutation in Y312 involved in direct contact with 2--5A and fails to dimerize or to cleave RNA ([@B47]), and the interaction between RNase L and Dom34 was analyzed using an immunoprecipitation assay. HeLa cells were co-transfected with a plasmid expressing 5×Myc-Dom34 and a plasmid expressing either 5×Flag-RNase L or 5×Flag-RNase L Y312A, and the cell extracts were subjected to immunoprecipitation with an anti-Flag antibody. As compared with the wild-type 5×Flag-RNase L, the binding with 5×Myc-Dom34 was reduced 2.5-fold in the dimerization mutant 5×Flag-RNase L Y312A (Figure [6A](#F6){ref-type="fig"}, compare lanes 5 and 6; and 6B). These results suggest that dimerization/activation of RNase L promotes the interaction between RNase L and Dom34, and targeting RNase L to the translating exogenous mRNA. To confirm this, we next examined if an active RNase L dimer localizes to the polysome. HeLa cells were transfected with a plasmid expressing either 5×Flag-RNase L wt or 5×Flag-RNase L Y312A. At 24 h after transfection, the cells were further transfected with 5×Flag-EGFP mRNA. The cell lysates were fractionated by sucrose density gradients ([Supplementary Figure S6A](#sup1){ref-type="supplementary-material"}). Immunoblot analysis showed tendency of RNase L wt to be shifted from non-polysome to polysome fractions by the presence of exogenous mRNA, whereas RNase L Y312A localized to the non-polysomal fractions irrespective of whether the exogenous mRNA was present or not ([Supplementary Figure S6A](#sup1){ref-type="supplementary-material"}). However, quantitation of the results did not reach statistical significance provably because of the partial activation of RNase L by the exogenous mRNA ([Supplementary Figure S6B and S6C](#sup1){ref-type="supplementary-material"}). Therefore, we further assessed the effect of potent RNase L activator 2--5A on the polysomal localization of RNase L. HeLa/5×Flag-RNase L cells were transfected with 2--5A and the cell lysates were fractionated by sucrose density gradients (Figure [6C](#F6){ref-type="fig"}). Immunoblot analysis revealed that localization of endogenous RNase L was significantly shifted from non-polysome to polysome fractions by 2--5A (Figure [6D](#F6){ref-type="fig"}). These results suggest that dimerization/activation of RNase L promotes targeting of RNase L to the translating ribosome.

![An active RNase L dimer preferentially localizes to the polysome to form a complex with Dom34. (**A**) HeLa cells were transfected with a combination of pCMV-5×Myc-Dom34 (lanes 1--6) and either pCMV-5×Flag (lanes 1 and 4), pCMV-5×Flag-RNase L (lanes 2 and 5) or pCMV-5×Flag-RNase L Y312A (lanes 3 and 6). The cells were lysed in buffer B. The immunoprecipitates (lanes 4--6) and inputs (lanes 1--3, 10% of the amount immunoprecipitated) were analyzed by western blotting with the indicated antibodies. The leftmost five lanes, which analyzed 3-fold dilutions of total protein, show that the conditions used for western blotting are semi-quantitative. (**B**) The amount of immunoprecipitated 5×Myc-Dom34 protein in (A) was measured and normalized to the input 5×Myc-Dom34 protein, and either immunoprecipitated 5×Flag-RNase L wt or RNase L Y312A. Dom34 protein level in pCMV-5×Flag-RNase L wt-transfected cells (lane 5) was defined as 100% and Dom34 protein level in pCMV-5×Flag-RNase L Y312A-transfected cells (lane 6) was represented. (**C**) HeLa/5×Flag-RNase L cells were transfected with 2--5A using Neon™ Transfection System. At 6 h after 2--5A electroporation, the cells were harvested and lysed in buffer G. The cell lysate was fractionated by sucrose gradients. 5×Flag-RNase L in the polysomal fractions and the input (0.5% of the amount loaded onto sucrose gradients) was analyzed by western blotting with an anti-Flag antibody. (**D**) The amount of endogenous 5×Flag-tagged RNase L protein in (**C**) was measured and normalized to the input. RNase L protein levels in mock cells were set to 1 and fold-changes were indicated (mean ± SEM, *n* = 3). (**E**) Model for the Dom34-mediated decay of exogenous mRNA (see Discussion).](gky1087fig6){#F6}

DISCUSSION {#SEC4}
==========

Here, we demonstrate that a well-known mRNA quality control factor, Dom34, as well as innate immune system OAS3-RNase L acts together to eliminate exogenous mRNA based on the following observations (see also Figure [6E](#F6){ref-type="fig"}); (i) OAS3 specifically binds to recognize exogenous mRNA (Figure [4C](#F4){ref-type="fig"}), (ii) exogenous mRNA activates 2′-5′ oligoadenylate synthetase activity of OAS3 to produce 2--5A (Figure [4D](#F4){ref-type="fig"}), (iii) 2--5A molecules convert RNase L from an inactive monomer to an active dimer ([@B45],[@B46]), (iv) RNase L, but not its mutant that is unable to form an active dimer, prominently binds to form a complex with Dom34 (Figure [6A](#F6){ref-type="fig"}, [B](#F6){ref-type="fig"}), (v) Dom34 and RNase L act together to degrade exogenous mRNA (Figure [3](#F3){ref-type="fig"}), (vi) translation is required for the decay of exogenous mRNA (Figure [5A](#F5){ref-type="fig"}, [B](#F5){ref-type="fig"}) and (vii) Dom34 releases the stalled ribosome on exogenous mRNA (Figure [5C](#F5){ref-type="fig"}, [D](#F5){ref-type="fig"}). From these results, we proposed the following model (Figure [6E](#F6){ref-type="fig"}); when exogenous mRNA enters into the cell cytosol, OAS3, activated by the mRNA, releases 2--5A, which in turn activates RNase L. The activated RNase L dimer binds Dom34 to form a surveillance complex. Meanwhile, the exogenous mRNA that entered the cytosol is translated by the ribosome, which is recognized and targeted for degradation by the surveillance complex Dom34-RNase L (dimer).

Currently, viral and bacterial mRNAs are known to be degraded by the OAS-RNase L system. However, the mechanism by which the exogenous mRNAs are targeted for degradation by OAS-RNase L has yet to be determined. Here, we show for the first time that an mRNA surveillance factor, Dom34, plays a key role in driving the specificity of RNase L targeting. Previous studies demonstrated that Dom34 recognizes and releases a stalled ribosome on aberrant mRNAs to trigger mRNA decay ([@B15],[@B48]). When aberrant mRNA lacking in-frame termination codons is translated by the ribosome, ribosome stalls at the 3′ poly(A) tail of the mRNA. Dom34 recognizes the stalled ribosomes and recruits exosomes to exonucleolytically degrade the mRNA by a mechanism of nonstop decay (NSD) ([@B15],[@B16]). On the other hand, aberrant mRNA with a propensity to cause ribosomal stalling in the open reading frame (ORF) of the mRNA is degraded by a mechanism of no-go decay (NGD) ([@B17]). In this case, Dom34 recognizes the ribosome stalled in the ORF and triggers endonucleolytic cleavage of the mRNA by an unknown endonuclease. The exogenous mRNAs used in this study contain an ORF and cannot be a substrate for NSD. Accordingly, it is reasonable to assume that as in the case with NGD, the ribosome must be stalled within the ORF of the mRNA, and therefore, Dom34 recognizes the stalled ribosome to trigger endonucleolytic cleavage by RNase L. As the exogenous RNAs used in this study do not contain any apparent structural features to cause ribosomal stalling in their ORFs, we consider that the 'exogenous' nature of mRNA causes ribosomal stalling in its ORF for the following reasons. Endogenous mRNA experiences transcription and splicing events in the nucleus and binds splicing factors and hnRNPs to form an RNP complex. The 'nuclear history' determines the translational efficiency of cytoplasmic mRNA ([@B49]). In contrast, exogenous mRNA directly introduced into the cytosol can neither experience nuclear history nor form a translationally active RNP complex. Consistent with this RNP complex formation of endogenous mRNA, recent findings demonstrate that *in vivo* transcribed endogenous mRNAs have vastly fewer structured regions than mRNAs *in vitro* ([@B50]). Thus, exogenous mRNA is translationally inefficient and tends to form a secondary structure, which may cause ribosomal stalling. The secondary structure formed in the exogenous mRNA is also an attractive target of OAS. Therefore, it is interesting to speculate that the secondary structure formed in the exogenous mRNA leads to the localized activation of OAS as well as ribosomal stalling, and 2--5A released from the OAS binds to activate RNase L, which is recruited by Dom34 on the stalled ribosome. Further studies will be required for elucidating if activation of OAS3 and ribosomal stalling is induced by the same structured regions formed on exogenous mRNA

It is well-established that mRNA decay is tightly coupled to translation. In NMD, the translation termination factor complex eRF1--eRF3 recognizes the terminating ribosome at the premature termination codon to triggers rapid degradation. In contrast, a *bona fide* termination codon is efficiently recognized by the eRF1--eRF3 in complex with poly(A) binding protein and eRF1--eRF3 mediates recruitment of the deadenylases to PABP to trigger deadenylation of the mRNA. In NSD, the ribosome that entered into the 3′ poly(A) tail of the mRNA and stalled at the 3′ end is recognized by Dom34 in complex with Hbs1, which leads to the recruitment of exosomes to degrade the mRNA. In this study, we have shown that exogenous mRNA is also recognized and targeted for degradation by Dom34 in a manner dependent on translation. Therefore, irrespective of whether endogenous or exogenous, mRNA is commonly targeted for degradation by the translation termination factor family members. Although undetermined, it is reasonable to assume that a member of the eRF3 family GTP-binding proteins is also involved in the exogenous mRNA decay. A previous study showed that RNase L interacts with eRF3 ([@B51]). Moreover, recent findings demonstrate that Dom34 interacts with a recycling factor, ABCE1, which dissociates ribosome into subunits, after recognition of the stalled ribosome ([@B47],[@B52],[@B53]). Interestingly, ABCE1 is also referred to as an RNase L inhibitor ([@B54]). Therefore, it is interesting to speculate that ABCE1 might also affect exogenous mRNA decay. These possibilities are now under investigation in our laboratory.
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